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ABSTRACT: Acrylonitrile butadiene styrene (ABS)–polyaniline (PANI) and ABS–polypyrrole (PPy) blends exhibit poor mechanical and

thermal properties due to their weak interfacial adhesion and inhomogeneous mixing. The properties have been improved by addi-

tion of carbon black (CB) and nanoclay (NC). Composites are prepared by mixing CB and NC with ABS–PANI and ABS–PPY

blends. The morphology and crystalline characteristics are studied using field emission scanning electron spectroscopy (FESEM) and

X-ray diffraction, respectively. In addition, all the composites have been analyzed for their mechanical and thermal performance. The

tensile strength of ABS–PANI has been increased by 7.18% and 65.83% with addition of CB and a combination of CB–NC, respec-

tively. FESEM images are found supportive with these trends and show homogeneous dispersion of CB in the polymer matrix,

assisted by NC. Dynamic mechanical analysis results also show slight improvement of glass transition temperature (Tg) with addition

of fillers. VC 2015 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2015, 132, 42577.
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INTRODUCTION

Thermoplastic-polymers-based nanocomposites are extensively

used nowadays due to their suitability for variety of applications

such as structural, energy storage, and sensors. Acrylonitrile

butadiene styrene (ABS) is one of such thermoplastic polymer

and is classified as a terpolymer composed of acrylonitrile, buta-

diene, and styrene.1 It has been attracting attention of the

researchers since 2000 mainly due to its good mechanical prop-

erties and ease of processability which makes it appropriate for

general purpose engineering plastic.2–4 ABS exhibits good

impact strength, temperature resistance against medium, excel-

lent abrasion resistant, antistatic adjustment and can be

machined into desired shaped products with good surface fin-

ish.5 In addition, it shows good resistance against UV light, aro-

matic hydrocarbons (i.e., benzene, benzoic acid), and organic

solvents (i.e., isopropyl alcohol, diethyl ether). ABS itself is a

nontoxic polymer but its combustion products are highly toxic.1

Carbon-based nanofillers like carbon nanotubes (CNT) and car-

bon black (CB) have excellent electronic and mechanical prop-

erties which invite these fillers for their application in polymer

composites by dispersing the fillers in polymer matrices.

Mechanical, rheological, and thermal properties of composites

of ABS/CB have been studied by researchers since 2000.6 Ou

et al.5 studied the electrical behavior of ABS–CB composites to

analyze the variation in percolation threshold for once and

twice extruded composites. Shenavar et al.7,8 has shown the

improvements in thermal stability, flow behavior, and mechani-

cal properties (i.e., impact strength and Young’s modulus) of

ABS due to incorporation of CB in ABS matrix. Felix et al.9

performed similar study by incorporating sepiolite clay to ABS,

with four different surfactant agents, resulting for increase in

stiffness and decrease in toughness of ABS. Current research

related to nanoclay (NC) and its polymer composites have

proved that it offers enhanced thermal and mechanical proper-

ties with good processability and dispersibility. NC is a relatively

cheap and readily available nanofiller. It has a high aspect ratio

and a plate morphology which makes the material an efficient

filler and reinforcing agent 10. Montmorillonite is a class of

magnesium aluminum silicate having sheet-like morphology,

and can be used to make a new class of nanocomposites using

polymer and nanoclay. The large surface area (750 m2/g) and

high aspect ratio (70–150) of montmorillonite contribute to its

advanced rheological characteristics.11 A small amount of nano-

clay (4%) may bring about a drastic change in mechanical

properties of composites.4,12–15 It exhibits excellent flame retard-

ant property and remarkably nontoxicity that makes it suitable

for food packaging material and high-temperature-resistant

materials.4,16–19
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Intrinsically conducting polymers (ICPs) such as polyaniline

(PANI), polypyrrole (PPy), polythiophene (PTh), and their

derivatives have been prepared and examined, for their blends

with amorphous polymers, as a result of their enormous appli-

cation potential in such cases. These conducting polymers have

been studied with great attention in the last few decades due to

their easy processability, good electrical properties, high specific

capacity, cheap and easy preparation, and light weight. PPy and

PANI are particularly attractive due to their relatively high con-

ductivity, low cost, and ease of synthesis.20 They are well capa-

ble to conduct electricity through them due to extended

conjugation in the carbon–carbon backbone of the polymer

molecule and thus replacing the conventional conducting fillers

due to their improved processability for preparing conducting

polymer composites having good mechanical properties and sta-

bility. These advances extended the practical applications of

these composites for sensors,21 anticorrosive materials,22 heating

elements,23,24 etc. Some major problems in blending of ICPs are

associated with aromatic structure, interchain hydrogen bonds,

and effective charge delocalization.25

The poor mechanical stability of conducting polymers requires

blending or copolymerization of these conducting polymers

with amorphous polymers which can withstand for high tem-

peratures, according to required processing conditions.26,27 In

this article, the effects of CB and CB–NC have been investigated

in the ABS–PANI and ABS–PPy blends. The changes in thermal

and mechanical properties of composites have been studied for

a better product specific utilization. Variation in internal and

surface properties has been observed through FTIR, XRD, and

FESEM.

EXPERIMENTAL

Materials

Carbon black (P842) was obtained from Philips Carbon Black

Ltd. Nanoclay (Cloisite-25a) was purchased from Connell

Brothers, California, USA. CB and NC were dried in vacuum at

808C for 48 h before used as filler. ABS was purchased (color:

yellowish white, density: 1.045 g/cc, melt flow: 43 g/10 min @

10.0 kg) from Bhansali Engineering and used as received with-

out any further treatment. PANI and PPy were prepared as

follows.

Preparation of Polyaniline. PANI was prepared according to

the method given by Stejskal et al.28 Aniline hydrochloride

(0.2 M) was prepared by dissolving 2.59 g of aniline hydrochlor-

ide with double distilled water in a volumetric flask up to

50 mL. Ammonium peroxodisulphate (0.25 M) was prepared by

dissolving 5.71 g of ammonium peroxodisulphate with double

distilled water in a 50 mL volumetric flask. The solutions were

kept at room temperature for 1 h. Both the solutions were

mixed slowly with mild stirring and kept for polymerization

with continuous stirring. After 8 h, the precipitates of PANI

were collected by filtering Washed with three 100 mL portion of

0.2 M HCl solution and similarly with acetone. PANI was dried

in vacuum at 608C for 24 h, grinded and again dried till a

constant weight was achieved.

Preparation of Polypyrrole. PPy was prepared according to the

Saravanan et al.29 Paratoluene sulphonic acid (p-TSA) (3.84 g)

was dissolved in 20 mL of double distilled (DD) water in

round-bottom flask. Again 0.67 g pyrrole monomer (purified by

distillation before reaction) was dissolved in 30 mL of double

distilled water. Pyrrole solution was added in round-bottom

flask containing p-TSA solution under stirring. Sodium lauryl

sulphate (SLS) solution (1 g SLS dissolved in 20 mL of DD

water) was further added to the solution. Benzoyl peroxide

(BPO) (2.9 g) dissolved in 30 mL chloroform was then drop

wise added in the mixer and the solution was kept for 3 h at

room temperature. Reaction mixture was poured in acetone for

precipitation. Black precipitate collected by filtration was

washed with acetone and dried at 1008C in an oven until a con-

stant weight was achieved.

Composite Preparation. Composites were prepared using inter-

nal mixer and compression molding machines. Their composi-

tion has been shown in Table I. For composite preparation, CB,

NC, PANI, and PPy were dried at 808C in oven before mixing.

The base polymer (ABS) was allowed to heat inside the internal

mixer at 2208C rotating at 60 rpm. When the matrix turns into

a semisolid mass, fillers were added to the internal mixer

through a hooper and allowed to mix up homogeneously. The

composites were then placed in the cavities of a mound and

molded in compression molding under 3 tons of pressure at

1508C for around 5 min. All the samples were allowed to cool

down to room temperature slowly and then collected for differ-

ent characterizations.

Characterizations

Morphology and Crystallinity. Fourier transform infrared

(FTIR) spectroscopy of CB has been done using FTIR Spec-

trometer (Thermo Scientific, Nicolet 6700) to determine the

functional groups present over the surface of the CB.

Field emission scanning electron microscopy (FESEM) has been

done to study the surface morphology using FESEM Zeiss-Ultra

Plus, Gemini Co., under a pressure of 1026 mBar. Fractured

ends of the specimens left after tensile test were mounted on

aluminum stubs, and a secondary electron (SE) detector was

used to analyze the electrons. The gold coating on the abraded

surface was used to make the surface conductive for the mor-

phological analysis.

X-ray diffraction (XRD) plots were obtained with an X-ray dif-

fractometer (Bruker AXS Diffraktometer D8) having Cu Ka radia-

tion (k 5 0.154 nm). All the scans were taken with a scan rate of

28/min in the range of 2h 5 10–908. The current and operating

voltage were maintained at 20 mA and 40 kV, respectively.

Mechanical Properties. Tensile test was carried out with a uni-

versal tensile testing machine (Instron 5582), at room tempera-

ture 25 6 28C. Specimens for tensile testing were prepared

according to ASTM D638-10. The initial gauge length of the

specimens was 50 6 5 mm, and the cross-head speed was main-

tained at 2 mm/min. Tensile strength (MPa), elongation at break

(%), and ductility (%) were recorded from the stress–strain curve.

Dynamic mechanical analysis (DMA) was conducted using DMA

machine (TA-Q800, USA). Loss modulus, storage modulus, and
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tan delta were plotted with varying temperature (35–1208C)

under 58C/min ramp. The process of sample preparation for

DMA was the same as for tensile testing. However, the specimen

obtained from after hot press treatment were of rectangular shape

having a dimension of 60 3 12 3 2 mm, as per design require-

ment of 3-point bending DMA clamp.

Thermal Properties. The thermal characteristics of all the

nanocomposites were studied through TGA (TGA-SII 6300

Exstar Instrument). Thermal decomposition behavior of the

nanocomposites was analyzed under increasing temperature. All

the tests were carried out in nitrogen atmosphere at a scanning

rate of 108C/min and temperature range of 32–7008C. The ini-

tial weight of the all the samples was around 10–11 mg each.

To assess the phase change and the corresponding enthalpy

change during the transition, DSC was performed using Perkin

Elmer DSC-4000. All these tests were also performed under

nitrogen atmosphere at a scanning rate of 108C/min and a tem-

perature range of 50–1608C.

RESULTS AND DISCUSSION

FTIR spectroscopy was carried out to ascertain the presence of

functional groups on the surface of the CB and shown in Figure 1.

A broad peak at 3435 cm21 indicates the presence of OAH

group and can be attributed to hydrogen-bonded phenolic or

alcoholic OAH group.30 The peak at 1645 cm21 is due to the

presence of C@C. There is a probability of the presence of aro-

matic CAH (C@CAH), whose bending vibration is confirmed

by a sharp peak at 1411 cm21 but its stretching vibration peak

may be overlapped with the OAH stretching peak. Peak around

1015 cm21 is evident to the presence of @CAO stretching. At

the lower frequencies, CAH bending vibrations are also

observed. A sharp peak at 1641 cm21 indicates the presence of

C@C stretching and two other sharp peaks at 1564 and

1411 cm21 indicates CAC stretching which is attached to

sp2-hybridized C atom (i.e., C@C). All the three peaks

altogether confirm the graphitic nature of the CB surface.

XRD analysis has been done for all the composite samples to

determine their crystalline nature and filler–matrix intermixing.

Corresponding results are shown in Figure 2. Carbon-based

materials such as CB, carbon nanotube, carbon quantum dot,

etc. shows XRD peak at 2h 5 258 for d002.31–33 Virgin ABS also

shows XRD peak at 208. One characteristic peak is found to be

common in all the samples at the range of 2h 5 208–238 which

is indicative of interlayer distance (d-spacing) increment and

consequently good intermixing of filler and matrix.34 Peak at

208 for S2 and S5 have become sharp comparing to pure ABS.

Table I. Composition and Mechanical Properties of Different Composites

Sample
codes

Elements (wt %) Glass transition
temp. (8C)

Tensile
strength (MPa) Elongation (%)ABS PANI PPY CB NC

S1 100 – – 3 – 109.8 19.7 3.5

S2 100 3 – – – 110.0 11.5 2.0

S3 100 3 – 3 – 111.5 12.5 1.6

S4 100 3 – 3 3 111.0 19.2 1.9

S5 100 – 3 – – 110.3 22.0 2.2

S6 100 – 3 3 – 110.8 19.5 1.8

S7 100 – 3 3 3 111.7 25.0 1.4

Figure 1. FTIR spectrum of CB (P842). [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com.]

Figure 2. XRD spectra of different composites. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Figure 3. FESEM images of (a) CB and S1; (b) S2; (c) S3; (d) S4; (e) S5; (f) S6; (g) S7. [Color figure can be viewed in the online issue, which is avail-

able at wileyonlinelibrary.com.]
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The mixing and interfacial adhesion of ABS/PANI and ABS/PPy

blends shows crystallinity in nature. With addition of CB, the

peak intensity decreased and peak area broadened in S3 and S6.

This shows that the crystalline nature of ABS–PANI/PPy is

decreased and amorphous characteristics are developed in the

matrix due to incorporation of CB. This result is identical with

that of S1 which clearly indicates that there is no effect of PANI

and PPY on the crystal characteristics of ABS in the mentioned

blends. Also, S4 and S7 composites are completely amorphous

due to better dispersion of CB, assisted by NC, in the interstitial

sites of the polymer matrix. NC here plays a crucial role in well

mixing and interfacial adhesion of polymer and CB. This is fur-

ther investigated and confirmed by FESEM.

FESEM has been done to observe the interfacial adhesion and

dispersion of fillers in the polymer matrix using fractured end

of samples obtained after tensile test. FESEM images of different

composites used in this work have been shown in Figure 3.

Figure 3(a) shows good dispersion of filler and polymer in

ABS/CB composite. XRD peak of ABS/CB composite also sup-

ports this information. Figure 3(b and e) indicates poor mixing

and weak interfacial adhesion of the two polymer components

in ABS/PANI and ABS/PPy blends, respectively. This is in good

agreement with the poor mechanical properties of composites.

The presence of CB in polymer blend can be clearly observed in

Figure 3(c and f), however, the dispersion seems to be highly

nonuniform. NC plays an important role in the dispersion of

filler in polymer matrix.35 It may enter into the interstitial sites

of the ABS matrix which allows the small CB particle to

Figure 4. DMA of composites: (a) storage modulus vs temperature; (b)

loss modulus vs temperature; (c) tan d vs temperature. [Color figure can

be viewed in the online issue, which is available at wileyonlinelibrary.

com.]

Figure 5. TGA thermograph of composites. [Color figure can be viewed

in the online issue, which is available at wileyonlinelibrary.com.]

Figure 6. DSC thermograph of different composites. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]
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penetrate through the intermolecular layers of the matrix. The

effect can clearly be observed in Figure 3(d and g), where NC

assisted for improved mixing of the polymers (ABS–PANI and

ABS–PPy), preparing blends, and better dispersion of CB in the

blends.

Dynamic mechanical analysis (DMA) is employed to investigate

the response of a material when a sinusoidal force is applied on

it. This provides information regarding variation in storage

modulus, loss modulus, and tan delta of specimen with varying

temperature. Reinforcement of fillers in polymer nanocompo-

sites enhances storage modulus. As the result of better reinforc-

ing effect, the storage modulus must improve. The

improvement of storage moduli of the nanocomposites is also

due to the restricted chain mobility of chain segments of ABS

due to the dispersion of CB and NC. Tan delta or damping fac-

tor is a measure of the impact resistance of a material. And it is

associated with the movement of small groups and chains seg-

ments of polymer molecules within the polymer matrix. There

is a possibility of mobility of phenyl and cyano groups present

in ABS matrix due to the incorporation of fillers which leads to

better damping of the prepared nanocomposites. In a composite

system, damping is affected through the incorporation of fillers

which is mainly due to shear stress relaxation through the addi-

tional viscoelastic energy dissipation in the matrix.

The DMA data has been shown in Figure 4. In Figure 4(c), the

peak point in tan delta vs temperature curve is taken as glass

transition temperature (Tg). Since after this temperature poly-

mer turns into more elastic form, from a rigid state.36,37 The Tg

values are compared in Table I. All the samples show high-

temperature transition (a-transition). Composites S2 and S5

shows low storage modulus, loss modulus values. The corre-

sponding values have been increased with addition of CB as can

be observed through S3 and S6 curves. In Figures 4(a and b),

with addition of NC, storage modulus has been noticed to

increase whereas loss modulus decreases which finally result in

high reduction of its internal damping. This can be clearly

observed through S4 and S7 curves of Figure 4(c).

Tensile properties of composites are compared summarized in

Table I, which shows the improvement of mechanical properties

of ABS–PANI and ABS–PPY blends due to addition on filler.

ABS–PANI blend is ductile and its elastic limit is very less com-

pared to other samples. On addition of CB, its rigidity increases

slightly. Whereas, NC-assisted dispersion of CB makes it more

brittle, rigid, and tough. Similar trend is noticed in case of

ABS–PPY blend where S7 shows excellent rigidity, toughness,

and brittleness. One noticeable fact is that the mixing of NC

along with CB in both the blends increases the brittleness as

well as the rigidity and toughness to a greater extent. This may

be due to the well dispersion of CB in the polymer matrix

assisted by the NC as observed from FESEM images.

In Figure 5, the residual weight due to heating is plotted against

temperature. TGA curve for CB shows high thermal stability, up

to 6008C there is insignificant change in weight. A sudden dip

around 6008C indicates the degradation of CB. However, even

up to 7008C, the residue remains 50%. S1, S2, and S5 show

degradation from 200 to 3608C. This small decomposition

resembles with that of the pure ABS indicating the poor mixing

of ABS with PPy and PANI. Poor processability is one of the

disadvantages of conducting polymers like PPY and PANI due

to their rigid backbone.38 Generally, they are not well mixed in

thermoplastic polymers. Therefore, the mechanical and thermal

properties of the blends resemble that of pristine ABS. The

objective of this work is to develop these properties by the mix-

ing and consequent reinforcement of fillers like CB and NC. CB

and NC in those composites act as heat absorber and fillers and

do not allow the heat build up by dissipating more heat than

the polymer matrix. ABS–PANI or ABS–PPy blends, having bet-

ter thermal stability (up to �2308C) over virgin ABS, improves

the stability to �350C. In fact, the addition of NC has no sig-

nificant effect on thermal properties of these composites but as

proved through XRD and FESEM, they support for uniform

dispersion of CB.

The DSC results shown in Figure 6 are well supporting the

DMA observations. Tg values and corresponding enthalpy

change (DH) are shown in Table II. The positive value of DH

for all the composites indicates endothermic phase change.

ABS–PANI and ABS–PPy blends show very less DH value than

reinforced samples. DH values have been increased for S3 and

S6, this may be possibly due to establishment of CB–matrix

interaction. Improvement in interaction could be due to the

covalent bonding between functional groups present in CB and

polymer, or weak van der Waals force among CB and matrix.

Thus more energy will be consumed during the phase transition

of the composites. In S4 and S7, NC also participates to

enhance the interfacial interaction between polymers and dis-

persion of CB in blend. Consequently, DH values of composites

increased by large extent.

CONCLUSIONS

In this work, we have studied the morphological, mechanical,

and thermal properties of composites, prepared by mixing of

CB to ABS–PANI/ABS–PPY blends, with and without NC.

FESEM images show good dispersion of CB in the polymer

matrix in the presence of NC which resulted for the improve-

ment in mechanical properties of CB–NC-reinforced compo-

sites. Similar trend is observed from XRD analysis where the

change of crystalline behavior of composites also confirms the

better dispersion of CB in presence of NC. Enhancement of

mechanical properties essentially is due to improved dispersion

Table II. Glass Transition Temperature and Enthalpy Change (DH)

Through DSC Curves

Sample code Tg (8C) DH (J/g)

S1 116.0 2.21

S2 110.5 0.74

S3 109.7 0.83

S4 109.0 1.53

S5 110.0 0.90

S6 109.1 1.63

S7 107.7 2.02
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and good interfacial adhesion among CB and the matrix. The

development of polymer–filler covalent bonding or weak inter-

actions through the functional groups of CB and NC may also

be a reason for the change in mechanical properties. The trend

for Tg through DMA and DSC are almost similar. Higher values

of enthalpy change indicate the development of filler–matrix

interaction probably through weak van der Waals interaction.

Moreover, TGA notify that the high-temperature thermal stabil-

ity of polymer blends has been introduced by CB.
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